This study aimed to analyze the effect of fall risk-increasing drugs (FRIDs) and drug-related factors relative to falls through clinical pharmacy service in hospitalized patients, focusing on the relevance of clinical pharmacist evaluation in the context of physician assessment.
Introduction
Falls have become a major burden in healthcare facilities worldwide and are perceived as a significant public health concern (Aryee et al., 2017; Bloch et al., 2013) . Falls, defined as the events resulting in a person coming to rest inadvertently on the ground, floor, or other lower level, belong globally among the leading causes of accidental or unintentional injury deaths (World Health Organization, 2018) . Hospitalized patients are at high risk of accidental falls, considering from 1.4 to 17.9 falls per 1,000 days of hospitalization, depending on the type of healthcare facility, as well as on population characteristics (Lovallo et al., 2010) . Falls-related complications increase patient morbidity and mortality, including prolonged hospitalization, early institutionalization, and reduced quality of life. The increase in financial costs of healthcare should not be forgotten either (Aryee et al., 2017; Bloch et al., 2013) .
Patient falls often have a multifactorial character influenced by internal and external risk factors (Jung et al., 2014) .
The major internal risk factors include higher age, some chronic and acute diseases, muscle weakness, fall history, impaired mobility, or decreased cognitive functions. External factors usually comprise precarious environment, hazardous activities and the use of certain drugs (de Jong et al., 2013; Deandrea et al. 2010; Hajduchová et al, 2016) . Medications are generally proved as a fall-related risk factor. According to currently published systematic reviews, the most common fall risk-increasing drugs (FRIDs) are different types of drugs influencing the central nervous system (CNS) with a potential to affect vigilance, coordination, and balance (Seppala et al., 2018a) , as well as cardiovascular drugs, which may induce syncope after hypotension (especially orthostatic), along with arrhythmia (Deandrea et al, 2010; de Vries et al., 2018) . Nevertheless, other types of drugs might also increase the risk of falls (e.g. laxatives, antiepileptics, non-steroidal anti-inflammatory drugs, analgesics, or proton pumps inhibitors) (Seppala et al., 2018b) . There is clear evidence that the combination of two or more risk drugs increases the risk of fall (Zia et al., 2017) .
Besides the pharmacological profile of individual drugs, interactions with pathophysiological changes associated with individual diseases also must be taken into consideration. Therefore, drugs influencing CNS, causing disorders of homeostasis and circulation (e.g. glycaemia, orthostatic hypotension), affecting muscle tone, as well as sensory functions, belong to the higher risk groups, as mentioned above. Moreover, the patients' individual reaction after drug administration is sometimes significantly different, compared to other patients (e.g. selective serotonin re-uptake inhibitors). Understanding these relationships is an essential prerequisite for reducing the risk of drug-related falls (Glab et al., 2014; Lord et al., 2011) .
The knowledge of all the circumstances, including FRIDs, with a potential to raise the patients' overall risk of falls, early recognition of those factors, assessing their severity and finally, suggesting appropriate preventive strategies are a serious challenge to current clinical practice (Milos et al., 2014) . Multifaceted cooperation may be advantageous, i.e. individual healthcare professionals should consider the extent of all risk factors at the time of any patient fall event. Guidelines suggest an expert should be invited, capable of rational reviews on dispensed medications (Beasley and Patatanian, 2009; Caffiero et al., 2017; Cheema et al., 2018; World Health Organization, 2018) . The pharmacists' contribution consists in a comprehensive evaluation of pharmacotherapy to minimize its risks. In particular, effective preventive risk minimization tools may include the substitution of risk drugs, or proposing discontinuation of their administration (Beasley and Patatanian, 2009; Cheema et al., 2018; Chen et al., 2014) .
The aim of the study was to analyse the effects of pharmacotherapy and drug-related factors on falls through clinical pharmacy service in hospitalized patients, focusing on the relevance of clinical pharmacist evaluation in the context of physician assessment.
Materials and methods

Study design
A prospective study of inpatients with fall events was conducted at 16 hospital wards (6× internal, 5× nursing, 2× surgical, 1× psychiatrist, 1× pneumology, and 1× rehabilitation unit) of four hospitals in South Bohemia region in the Czech Republic (CR). Hospital wards were selected based on the retrospective analysis of the highest number of falls reported in the period of 2014-2015 (Hajduchová et al., 2016) . The current study included all inpatients with falls that occurred from January to December 2017, also on condition that have completed the data in the online database, as described below. Hospitalized patients of age 18 years and older only were eligible for the study. The research protocol was reviewed with respect to the strict rules of data protection and approved by the Ethical Committee of the Faculty of Pharmacy in Hradec Kralove, Charles University.
Data collection
The data collection online instrument (PharmaPortal EU) was constructed for the study to collect numerous variables on patients with fall events. The database enabled to record all the fall-related information, the patients' medical records data, as well as to communicate between healthcare professionals. The database management was supervised by a company specialized in protecting and storing sensitive data.
All data for the database were recorded by trained nurses, the accuracy verified by the treating physician, and anonymized by a standard methodology. No personal information was known to researchers or published. The database was tested on a pilot sample (November and December 2016) to ensure the functionality and reliability when used by healthcare professionals; the pilot test results were not included in the final analysis. The primary investigators randomly checked 10% of all cases to confirm the correctness of the recorded data.
Data were collected on demographic characteristics, as well as on medical history (e.g. diagnoses, patients' current state) and medication. The drugs used by the patients were characterized according to ATC code, dose, route of administration, time of therapy initiation (long-term use: >7 days; new users: exact number of days), and drugs administered in the 24 hours prior to the fall event (e.g. symptom-relief drugs). Results of physical, biochemical and hematological examinations (e.g. blood pressure, pulse, body mass index, hemoglobin, serum sodium, potassium and chloride, glycaemia in diabetic patients after a fall, or estimated glomerular filtration), whenever relevant to the falls, were also included. Similarly, regarding the circumstances of the fall, data were collected on the location and time of the fall, the activity performed in the time of the fall, type of injury, state of consciousness immediately after the fall, internal (e.g. impaired balance in patient's history), and external causes of the fall (e.g. slipping), environmental factors, whether the fall was assisted by healthcare professional, examination and care conducted after the fall, the impact of the fall on the hospitalization, as well as fall prevention measures before and after the fall. Moreover, risk factors relevant to the evaluation of potential causes of the fall were recorded, such as the history of falls in the past 12 months, use of assistive devices (e.g. crutches, glasses), active smoking during hospitalization, history of alcohol abuse, or alcohol abuse prior to the fall.
Instead of narrative description of the fall and diagnoses with fall-related risk, the cases were filled in a structured form. The list of diagnoses with fall-related risk was generated based on the literature (Lord et al., 2011) .
Analysis of fall risk-increasing drugs
The data analysis was primarily focused on identifying drugs and drug-related factors (external and internal) that can increase the risk of falls. Both physicians and clinical pharmacists became aware of all available patients' information mentioned above and expressed the possible drug-related cause of a fall event. The overall effect of the patients' pharmacotherapy on a given fall was assessed using 4-item Likert scale (yes -1 point; rather yes -2; rather not -3, no -4). Moreover, clinical pharmacists (auditor and controller) detected population FRIDs and individual FRIDs for each patient. The population FRIDs were determined either based on the literature or by the mechanism of action, or they were proved of adverse drug reactions predicting the risk of fall. Population FRID was identified as individual FRID when it was not possible to unambiguously eliminate the effect of its use on a given fall, based on the expression of clinical pharmacists. In addition, clinical pharmacists have generated recommendations aimed at minimizing the risk of individual and population FRIDs sent to the treating physician via the database (a form of telemedicine/ pharmacy).
Statistical analysis
Data were processed by Wolfram, Mathematica, version 11.2 (Wolfram Research Inc.). Methods of descriptive statistics were performed for the metric items as the mean ± standard deviation (SD), median, and range, with a 95% confidence interval (CI) in some cases. Relationships and dependencies were calculated by χ 2 , Mann-Whitney test, Kruskal-Wallis, Conover test, Kendall tau (t) correlation as appropriate. Pareto analysis for population FRIDs was applied using the ATC codes recursively up to the second level; at each level, the frequency had to achieve at least 60% of drugs to proceed the next Pareto analysis of the lower ATC level. Multivariate analysis, specifically the tree-based technique (Krnacova et al., 2012) , was performed to analyse dependencies of the metric variables (differences in the physicians' and pharmacists' opinions) on a larger number of non-independent binary variables (presence of FRIDs). P-value < 0.05 was considered as statistically significant.
Results
Baseline characteristics
A total of 280 falls were included in the final analysis. Falls occurred within 3 (72; 25.7%), 5 (102; 36.4%), or 7 (130; 46.4%) days after the beginning of hospitalization. The mean day of hospitalization, when the fall occurred, was 19.8 ± 31.74 days (median 8). Most patients (242; 86.4%) fell once during the hospitalization; 14 patients fell twice, 2 three times, and 1 four times, respectively. The number of bed-days was relatively constant per each quarter in 2017 (59,533 vs. 57,912 vs. 56,229 vs. 56,661 bed-days), however, the total number of falls decreased significantly (122 vs. 61 vs. 50 vs. 47 falls) (p < 0.001).
There were 143 (51.1%) falls in females. The mean age of patients with falls was 77.0 ± 12.0 years (min 27, max 95), in females 79.3 ± 11.1 years, and 74.6 ± 12.4 years in males. At lower age, falls were significantly more frequent in males than in females (p < 0.001). Overall, patients with fall were treated by a mean of 8.8 ± 4.2 drugs (median 8; min 1, max 24). Females used significantly more drugs (mean 9.3 ± 4.5; median 9) than males (mean 8.2 ± 3.7 drugs; median 8) (p = 0.027).
A total of 775 fall risk-increasing diagnoses were identified, i.e. on average 2.8 ± 1.4 (median 3; min 0, max 7) per fall. The most common risk diagnoses (with at least 20.0% of falls) were arterial hypertension (194; 69.3%), diabetes mellitus (93; 33.2%), tachycardia (86; 30.7%), and dementia including Alzheimer disease (56; 20.0%). Other selected fall-related risk factors are summarized in Table 1 .
Analysis of pharmacotherapy in relation to falls
Concerning the pharmacotherapy in relation to falls, patients used 1.134 population FRIDs, i.e. a mean of 4.1 ± 2.4 per fall (median 4; min 0, max 13). Most of population FRIDs (994; 87.7%) were used chronically. Each drug of a patient was associated with 0.41 population FRIDs (CI 95% = 0.36-0.46). The number of population FRIDs was higher in increasing age (t = 0.113, p = 0.007), even if the total number of drugs used by the patients was not associated with their age (p = 0.075). No significant difference among gender in relation to the use of population FRIDs was detected (p = 0.323). Patients with previous fall experience did not use significantly less population FRIDs (p = 0.629). Clinical pharmacists evaluated 498 (43.9%) population FRIDs as individually risky, i.e. that patients were taking 1.8 ± 1.7 individual FRIDs per fall (median 1; min 0, max 9) on average. No demographic characteristics were significantly associated with individual FRIDs.
Based on Pareto analysis, 60% of falls were associated with population FRIDs from "N" (Nervous System) and "C" (Cardiovascular System) groups according to the first level of ATC clas- Tables 2 and 3 .
Physician and clinical pharmacist opinions
Clinical pharmacists were more likely to attribute the fall-related risk to the use of drugs, compared to the physicians' opinion (t = 0.392, p < 0.001), as shown in Table 4 , nevertheless, the concordance coefficient in rating was low (ρ c = 0.354).
The mean score of clinical pharmacists' and physicians' opinion was 2.4 ± 0.8 (median 2) and 3.0 ± 0.8 (median 3), respectively (Fig. 1) . However, in 17 (6.1%) falls physicians suggested higher importance of drug-related cause, compared to clinical pharmacists. Based on physicians' opinion, in general, there were no groups of all prescribed drugs (the first level of ATC classification considered) identified as a predictive risk factor of fall. On the other hand, drugs from the group "N" in the patient's history revealed a higher chance to cause falls according to the opinion of clinical pharmacists (p = 0.002). Moreover, if a drug from the group "N" was not used by the patient, a drug from the group "C" was then considered by clinical pharmacists as a predictive factor (p = 0.002).
Further, the population FRIDs according to ATC classification and the risk of fall are demonstrated in Fig. 2 . The population FRIDs from the group "N" reveal a higher chance to cause the fall, based on both physicians' and clinical pharmacists' opinion. The difference between their opinions was significant, in favor of the pharmacists (p = 0.026). Indeed, if there was no population FRIDs from the group "N", population FRIDs from "C" were predicted as a fall-related risk factor by both groups of professionals (p = 0.012). If the patient was not treated by any population FRIDs, neither from "N", nor "C" group, the difference between the physicians' and clinical pharmacists' opinions was completely negligible.
Generally, an increase in the number of drugs used by patients significantly raised the suspicion in both physicians and clinical pharmacists, in relation to the drug-related cause of falls. Physicians were significantly more aware of the possible effects both of the total drugs (t = 0.157, p = 0.004) and of population FRIDs (t = 0.179, p = 0.002) on falls. Similar results were observed in clinical pharmacists' suspicions (t = 0.184, p < 0.001, and t = 0.224; p < 0.001, respectively). However, the difference between opinions of those involved health professionals was not statistically significant concerning the total number of drugs (p = 0.294), or population FRIDs (p = 0.132). N07 -other nervous system drugs 2 (0.7) 0 (0) 0% P -drug with population risk of fall; I -drug with individual risk of fall 
Discussion
Our project reflects the multifactorial character of falls, and also the fact that multicomponent interventions are essential to manage this problem including drug-related causes. One of the preventive interventions is the comprehensive interdisciplinary collaboration which enables to better assess risks and benefits of pharmacotherapy, as well as to optimize it, while achieving the intended goals of each individual therapy (Hunderfund et al., 2011; Miake-Lye et al., 2013) . Data on falls have been collected for a long time in the Czech Republic. The Czech national database containing longitudinal data of falls characterized as extraordinary events was first launched at the Medical Faculty of Charles University, and subsequently at the Institute of Health Information and Statistics in the CR (Institute of Health Information and Statistics of the Czech Republic, 2018). Reports from this database comprised mostly sedative drugs such as benzodiazepines, opioids, hypnotics, and further, antihypertensive drugs and insulins, therefore, physicians and nurses may be insufficiently aware of other drugs that can lead to the falls.
It is important to know both the mechanisms of action of FRIDs and the patient's individual reactivity when the specific drugs are being assessed. In our cohort, there were FRIDs with different mechanisms concerning the occurrence of fall. In accordance with published literature (Lord et al., 2011) , patients most frequently took drugs reducing mental alertness or inducing sedation, confusion, orthostatic hypotension (OH), rhythm disturbances, eventually hypoglycemia. As it can be derived from Table 2 , the prevalence of population FRIDs influencing CNS was high in our patients. However, benzodiazepines and strong opioids were surprisingly less represented among the sedative FRIDs (only 15.4% and 5.4%, respectively), while Z-hypnotics and drugs used for neuropathic pain (gabapentin, pregabalin, carbamazepine) were more commonly identified. Our results suggest that physicians are likely to perceive some drugs as carrying higher risk, and after contacting the clinical pharmacist, they may gain information about other FRIDs. This signal is amplified by the fact that patients with a fall history did not use more population FRIDs than patients without falls. Moreover, for instance, drugs for neuropathic pain do not signalize the influence of the CNS, therefore healthcare professionals may not perceive them as being at risk at all. Similarly, the fall-related risk of antidepressants which have been increasingly used in the treatment of anxiety, depression, and in sleep disorders, such as trazodone or mirtazapine, can be underestimated. Mostly due to poor experience of their use in clinical practice and thus the low awareness of CNS attenuation (except for psychiatrists). The explanation of non-psychiatric indications can be more probable, as we included only one psychiatric ward in our study, as well as because such FRIDs were prescribed by other specialists. A further example of potentially underestimated risk can be perceived in the relatively high utilization of antipsychotics, posing two mechanisms of risk of fall. In addition to the CNS attenuation, they cause alpha1 blockade inducing hypotension including OH. Among others, the rationality of prescriptions has to be taken into account as well (Mackin, 2008) . Tramadol, often not identified by physicians and nurses among FRIDs, is a special case. It affects opioid receptors causing CNS attenuation, and further it can increase confusion in patients by inducing serotonin effect (Söderberg et al., 2013) .
Besides the FRIDs influencing CNS, clinical pharmacists pointed out to FRIDs based on OH mechanism. Cardiovascular drugs were highlighted, especially angiotensin converting enzyme inhibitors (ACEI), which are quite often prescribed in clinical practice, just as well in our study. The risk occurs by influencing peripheral resistance, preload, and afterload. A lower risk of OH is associated with the use of alpha1-sympatholytics, which directly affect the vasodilatation ability of vessels, and increase sympathetic tone when changing body position. Tamsulosin intended for treatment of benign prostatic hyperplasia (therefore included in another ATC group) has been widely used FRID with this mechanism. Although, this sympatholytic agent is partially organ specific, it can induce OH in highly sensitive patients. To our knowledge, there is little awareness that this drug could affect circulation, due to its different indication. Cardiovascular drugs also comprise beta blockers inducing OH via lowering cardiac volume and reducing the effect of the sympathetic nervous system on cardiac functions. Diuretics also belong among common FRIDs, which decrease blood volume and therefore preload. Preload can also be reduced by vasodilation of the capacity vessels, as demonstrated by nitrates in our study. Overall, the above mentioned FRIDs have been used in combination with each other, as evidenced by high prevalence of arterial hypertension, also with other FRIDs potentially causing OH, therefore the fall-related risk was even higher (IBM Micromedex, 2018; Lord et al., 2011) .
In addition to other most frequent diagnoses, the proarrhythmic and hypoglycemic effects of pharmacotherapy can be associated with risk of falls. The first one is revealed in both antiarrhythmic agents (digoxin) and some other drugs, such as citalopram, antipsychotics, or theophylline. Hypoglycemia can develop mainly due to sulfonylurea-type antidiabetics, as well as insulin, even if the effect size can vary considerably.
Generally, not only FRIDs, but also other risk factors that may contribute to drug-related falls are advisable to be monitored. We have noticed that nurses were reporting less precisely the patients' status of hydration. Hydration is an important risk factor concerning falls, even if it is easy to be well-monitored, optimally in all hospitalized patients. Great emphasize should be given at least in patients taking OH inducing drugs, or with a history of hypotension. From our sample, signals from medication review highlighted loop diuretics (furosemide) in relation to dehydration. Therefore, it is necessary to ensure rational prescribing of furosemide, i.e. its prescription should always be considered, whether it is useful for the individual patient. Higher age even increases the fall-related risk, thus furosemide belongs among potentially inappropriate drugs in the elderly (Okada et al., 2017) . Individual evaluations of population FRIDs should also include the drug onset, duration of the effect, and the length of drug administration, all of which depend on pharmacokinetic and pharmacodynamic properties. As examples, the so-called first-dose effect of ACEI, α-sympatholytic drugs, or some sedative drugs could be mentioned (Walker and Whittlesea, 2012) .
The benefits of a clinical pharmacist as an expert on drug management in various healthcare settings are evident (Cheema et al., 2018) , however, there is no published, clear evidence about clinical pharmacy service in context of falls in the Czech Republic, and not even in abroad. Since drugs are a modifiable risk factor of falls, medication review should be incorporated in fall prevention programs (de Jong et al., 2013) , and therefore it is important to strengthen pharmacist-conducted interventions in minimization of drug-related falls in both ambulatory (Bartlett et al., 2015; Mott et al., 2016) and inpatient settings in all risk groups (Browne et al., 2014; Marvin et al., 2017) . Moreover, Marvin et al. showed that pharmacist involvement in medication review in fact resulted in a significant reduction in the number of FRIDs per patient (Marvin et al., 2017) .
Underestimating the drug-related cause of falls is not appropriate (Ribeiro et al., 2018) . On the other hand, it is necessary to recall the multifactorial nature of falls, which makes the assessment difficult. Compared to clinical pharmacists, the physicians' advantage could be seen in their being in daily contact with the patients, and the knowledge of the patients' current health condition. Therefore, pharmacists should also be present at the hospital ward in person, thus would not have to rely on indirect information (via interactive database). This fact may have played a role in cases when physicians expressed higher importance of some FRIDs than clinical pharmacists. However, physicians are generally less focused on the risks of pharmacotherapy in comparison with pharmacists. This can be related to the fact that pharmacists are more intensively educated in the whole spectrum of drugs. In addition, measuring the influence of most risk factors is very difficult, as well as multiple factors can interact with each other. It is therefore necessary that all three groups of healthcare professionals (physicians, pharmacists, and nurses) should cooperate in prevention and solution of falls, and the final interventions ought to be the result of their consensus.
Interestingly, the number of falls longitudinally decreased during the study, which was not random and probably caused by several factors. The project itself was intended to raise awareness of this issue, as well as stimulate discussion among healthcare professionals. Further, clinical pharmacists' interventions could positively affect physicians' behavior in terms of minimizing the risks of population FRIDs. The study therefore promotes safe medication practice too (Weddle et al., 2017) . The follow-up analysis of patients without history of falls might show to what extent the interdisciplinary approach plays a role, and whether the prescribing habits concerning FRIDs have been actually changed.
The patients' individual responses to the pharmacotherapy can be identified as the main limit of the study, which could increase or reduce the drug-related risk of fall. Regarding data collection, it was not always possible to obtain all current data about the patients' conditions (e.g. hydration). We cannot forget the time-consuming data collection into a database, however, no significant errors were found during random controlling. The large amount of data allowed us to focus solely on the FRIDs and drug-related factors, therefore our results generated signals of drug interaction with the patients' various morbidity, which should be confirmed by future analysis. Apart from this, the knowledge and skills of healthcare professionals are only estimated based on available data and will be evaluated in an ongoing study. Cross-sectional study does not enable to observe risk factors (health condition, pharmacotherapy), which could play a role within the time period (e.g. before fall) as well as this type of study cannot identify rarely occurring phenomena.
Conclusions
Decreasing number of falls we experienced during the study period confirmed the importance of multidisciplinary collaboration between physicians, nurses, and pharmacists to minimize the risk of falls in healthcare facilities. This could enable a more accurate assessment of all the circumstances of falls, such as properties and risks of pharmacotherapy, and arranging the rational options how to eliminate these risks in the context of the individual patient. In the present study, higher age of the patients, increasing number of all prescribed drugs, increasing number of population FRIDs, and population FRIDs from ATC group affecting the nervous and cardiovascular system have been shown to be the significant predictors of drug-related falls. Compared to physicians, clinical pharmacists predicted more frequently the drug-related causes of the fall, especially antipsychotics, antidepressants, opioids, antiepileptics, and benzodiazepines being considered.
